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BUCKET TIP SHROUD MEASUREMENT
FIXTURE AND METHOD OF MEASURING
BUCKET TIP SHROUD ORIENTATION

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to the art of
turbomachines and, more particularly, to a measurement fix-
ture for a turbomachine bucket tip shroud.

Turbomachines include a compressor portion linked to a
turbine portion through a common compressor/turbine shaft
and a combustor assembly. An inlet airflow is passed through
an air intake toward the compressor portion. In the compres-
sor portion, the inlet airflow is compressed through a number
of sequential stages toward the combustor assembly. In the
combustor assembly, the compressed airflow mixes with a
fuel to form a combustible mixture. The combustible mixture
is combusted in the combustor assembly to form hot gases.
The hot gases are guided along a hot gas path of the turbine
portion through a transition piece. The hot gases expand along
a hot gas path through a number of turbine stages acting upon
turbine bucket airfoils mounted on wheels to create work that
is output, for example, to power a generator.

Bucket airfoils may include a tip shroud having a Z-shaped
geometry. The Z-shaped geometry establishes a sealing ring
having small gaps between adjacent bucket airfoil tip
shrouds. During operation, bucket airfoils may twist. A twist
in one or more bucket airfoils may enlarge the gaps allowing
hot gases to exit prematurely from the hot gas path. Changes
in the gaps may also cause bucket airfoils to interact with one
another in a manner that could result in damage. Bucket
airfoils are periodically removed and measured to determine
if, and how much, twisting may have occurred.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention, a bucket tip
shroud measurement fixture includes a frame extending from
a first end to a second end through an intermediate portion
having a first surface and an opposing second surface, a first
tip shroud fixing member extending from the second surface
of the frame at the first end, and a second tip shroud fixing
member extending from the second surface of the frame at the
second end. The first and second tip shroud fixing members
are configured and disposed to retain and establish an orien-
tation of a bucket tip shroud relative the frame. A plurality of
reference points are provided on the frame. The plurality of
reference points are configured and disposed to receive a
coordinate measuring machine (CMM) probe. According to
another aspect of the invention, a method of measuring a
bucket tip shroud of a turbomachine bucket includes securing
a rotor end of the turbomachine bucket in a holding fixture,
positioning a bucket tip shroud measurement fixture includ-
ing a frame supporting first and second tip shroud fixing
members at a shroud on an opposing end of the turbomachine
bucket, engaging the first and second tip fixing shroud mem-
bers to the shroud, determining a position of one or more
reference points provided on the frame with a measurement
probe, and calculating, through a computer measurement sys-
tem, a position of the shroud relative to the rotor end of the
turbomachine bucket.

These and other advantages and features will become more
apparent from the following description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

The subject matter, which is regarded as the invention, is
particularly pointed out and distinctly claimed in the claims at
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the conclusion of the specification. The foregoing and other
features, and advantages of the invention are apparent from
the following detailed description taken in conjunction with
the accompanying drawings in which:

FIG. 1 is an upper perspective view of a bucket tip shroud
measurement fixture, in accordance with an exemplary
embodiment;

FIG. 2 is a lower perspective view of the bucket tip shroud
of FIG. 1

FIG. 3 is a cross-sectional side view of the bucket tip
shroud measurement fixture of FIG. 1;

FIG. 4 is a perspective view of the bucket tip shroud mea-
surement fixture of FIG. 1 mounted to a turbomachine bucket
tip shroud, in accordance with an aspect of the exemplary
embodiment;

FIG. 5 is a perspective view of the bucket tip shroud mea-
surement fixture mounted to a bucket tip shroud ready for
measuring

FIG. 6 is an upper perspective view of a bucket tip shroud
measurement fixture, in accordance with another aspect of the
exemplary embodiment, mounted to a turbomachine bucket
tip shroud;

FIG. 7 is a lower perspective view of the bucket tip shroud
measurement fixture of FIG. 5; and

FIG. 8 is a perspective view of a bucket tip shroud mea-
surement fixture, in accordance with another exemplary
embodiment.

The detailed description explains embodiments of the
invention, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

A bucket tip measurement fixture, in accordance with an
exemplary embodiment, is indicated at 2, in FIGS. 1-4.
Bucket tip measurement fixture 2 includes a frame 4 that
extends from a first end 6 to a second end 7 through an
intermediate portion 8 having a first surface 10 and an oppos-
ing second surface 11. A plurality of reference openings, one
of' which is indicated at 14, extends through frame 4 between
first and second surfaces 10 and 11. Bucket tip measurement
fixture 2 includes a first tip shroud fixing member 20 arranged
at first end 6 and a second tip shroud fixing member 21
arranged at second end 7. First and second tip shroud fixing
members 20 and 21 are slidingly received in corresponding
first and second slots 22 and 23 formed in frame 4.

As best seen in FIG. 2, first tip shroud fixing member 20 is
mounted at second surface 11 and includes a first Z-notch
locating element 24. Similarly, second tip shroud fixing mem-
ber 21 is mounted at second surface 11 and includes a second
Z-notch locating element 26. A first reference section 27 is
arranged at first surface 10 and operatively connects with first
tip shroud fixing member 20. A second reference section 28 is
arranged at first surface 10 and operatively connects with
second tip shroud fixing member 21. First and second refer-
ence sections 27 and 28 include corresponding first and sec-
ond actuators 29 and 30 having a generally spherical shape.
First tip shroud fixing member 20 is mechanically linked to
second tip shroud fixing member 21 through a first connector
31 and a second connector 32. First and second connectors 31
and 32 are also operatively connected through a gear 34
supported by an axle 36.

With this arrangement, outward movement (movement
away from axle 36) of first tip shroud fixing member 20
through first actuator 29 causes a similar outward movement
of second tip shroud fixing member 21. Similarly, inward
movement (movement toward axle 36) of first tip shroud
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fixing member 20 causes a corresponding inward movement
of'second tip shroud fixing member 21. Of course, it should be
understood, that movement imparted to second tip shroud
fixing member 21 through, for example, second actuator 30 is
imparted to first tip shroud fixing member 20. A biasing
element 39 is arranged at first end 6 of frame 4. As will be
detailed below, biasing element 39 urges first and second tip
shroud fixing members 20 and 21 inwardly on frame 4. Bias-
ing element 39 includes a post 41 that extends through an end
cap 43 attached to first end 6 across slot 22 and connects with
first tip shroud fixing member 20. A coil spring 45 encircles
post 41 and acts between end cap 43 and first tip shroud fixing
member 20. In this manner, coil spring 45 urges first and
second tip shroud fixing members 20 and 21 inwardly to grip
a bucket tip shroud as will be detailed more fully below.

Bucket tip measurement fixture 2 also includes a first
clamp member 60 mechanically linked to first tip shroud
fixing member 20 and a second clamp member 62 mechani-
cally linked to second tip shroud fixing member 21. Clamp
member 60 includes a first biasing element 64. Second clamp
member 62 includes a second biasing element 65. Clamp
members 60 and 62 provide additional stability to fixture 2
when mounted. In further accordance with the exemplary
embodiment shown, fixture 2 includes a plurality of reference
elements 80-81 and 83-89. Reference elements 80 and 81 are
mounted to first and second reference sections 27 and 28
while the remaining reference elements 83-89 are positioned
in corresponding ones of the plurality of reference openings
14. Each reference element 80-81 and 83-89 includes a cor-
responding biasing element such as shown at 90 and a probe
receiving pocket such as shown at 91. Reference elements
80-81 and 83-89 provide spatial locators that may be probed
by coordinate measuring machine (CMM) (not shown) as will
be discussed more fully below.

FIG. 5 illustrates a turbomachine bucket 92 that extends
from a first end 93 to a tip shroud 94. Bucket 92 is shown
mounted in a measuring support 95 at first end 93. Measuring
support 95 positions bucket 92 for interaction with a CMM.
Tip shroud 94 includes a first end 97 having a first Z-notch 98
(FIG. 4) and a second end 100 having a second Z-notch 101
(FIG. 4). Bucket tip measurement fixture 2 is mounted to tip
shroud 94 with first Z-notch locating element 24 nesting
within first Z-notch 98 and second Z-notch locating element
26 nesting within second Z-notch 101. At this point, first and
second clamp members 60 and 62 are positioned to grip
corresponding ones of first and second ends 97 and 100 of tip
shroud 94. Reference elements 80-81 and 83-89 contact
select portions of tip shroud 94 with contact being maintained
through each biasing element 90. Once in position, a CMM
probe 108 is introduced into each probe receiving pocket 91
to determine a spatial position of each reference element
80-81 and 83-89. Once all reference elements 80-81 and
83-89 are probed, spatial data is computer analyzed to deter-
mine whether tip shroud 94 has moved relative to first end 93
of'bucket 92. If it is determined that tip shroud 94 has moved,
and the amount of movement is outside acceptable param-
eters, bucket 92 may be replaced. At this point it should be
understood that reference elements 80-81 and 83-89 may
simply take the form of depressions formed in first surface 10
or openings that extend through frame 4. Depressions may be
contacted by a CMM probe while openings may allow a
CMM probed to pass through frame 4 and contact bucket tip
shroud 94.

Reference will now follow to FIGS. 6 and 7 in describing a
bucket tip measurement fixture 122, in accordance with
another aspect of the exemplary embodiment. Bucket tip
measurement fixture 122 includes a frame 124 extending
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from a first end 126 to a second end 127 through an interme-
diate portion 128. Frame 124 includes a first surface 130 and
an opposing second surface 131. Frame 124 also includes a
plurality of reference openings 134 that extends between first
and second surfaces 130 and 131. A first tip shroud fixing
member 140 is arranged at first end 126 and a second tip
shroud fixing member 141 is arranged at second end 127.
First and second tip shroud fixing members 140 and 141
include corresponding first and second Z-notch locating ele-
ments 144 and 145. In addition, first and second support
elements 147 and 148 support respective ones of first and
second tip shroud fixing members 140 and 141 relative to
frame 124.

A first connector 154 mechanically links first tip shroud
fixing member 140 with second tip shroud fixing member
141. A second connector 156 also mechanically links first tip
shroud fixing member 140 with second tip shroud fixing
member 141. First and second connectors 154 and 156 are
linked through a gear (not shown) supported by an axle 159.
With this arrangement, movement of one of first and second
tip shroud fixing members 140 and 141 between first and
second end 126 and 127 is imparted to the other of first and
second tip shroud fixing members 140 and 141. A biasing
element 161, shown in the form of a spring clip 163, is
operatively connected to second tip shroud fixing member
141. Spring clip 163 extends from first end section 165 fixed
to frame 124 at first surface 130 to a second end section 166
that is linked to second tip shroud fixing member 141. In this
manner, biasing element 161 urges first and second tip shroud
fixing members 140 and 141 inwardly toward axle 159.

Bucket tip measurement fixture 122 also includes a plural-
ity of reference elements 169-174 each having a correspond-
ing biasing member 178 and probe receiving pocket 180. In a
manner similar to that described above, bucket tip measure-
ment fixture 122 is mounted to a bucket that is supported in a
fixture. Each reference element 169-174 is probed by a CMM
probe to determine whether the bucket tip shroud has moved
or twisted during operation in a turbomachine. If movement/
twisting is detected, and the degree of movement is outside
acceptable parameters, the bucket may be replaced. At this
point, it should be understood that reference elements 169-
174 may simply take the form of depressions formed in first
surface 130 or openings that extend through frame 124.
Depressions may be contacted by a CMM probe while open-
ings may allow a CMM probe to pass through frame 4 and
contact bucket tip shroud 94.

Reference will now follow to FIG. 8, wherein like refer-
ence numbers represent corresponding parts in the respective
views, in describing a bucket tip measurement fixture 220 in
accordance with yet another aspect of the exemplary embodi-
ment. Bucket tip measurement fixture 220 includes a frame
224 having a first end 226 that extends to a second end 227.
Frame 224 also includes a first surface 230 and a second,
opposing surface 232. A first tip shroud fixing member 240
extends from second surface 232 at firstend 226 and a second
tip shroud fixing member 242 extends from second surface
232 at second end 227. First and second tip shroud fixing
members 240 and 242 are biased toward a center (not sepa-
rately labeled) of frame 224 so as to retain bucket tip shroud
94.

Bucket tip shroud measurement fixture 220 also includes a
plurality of reference elements 250 that project from second
surface 232 and contact bucket tip shroud 94. Reference
elements 250 establish a particular reference frame 224 for
bucket tip shroud measurement fixture 220, bucket tip shroud
94 and first end 93. Frame 224 also includes a plurality of
reference points 252 formed in first surface 230. Reference
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points 252 may be openings that extend through frame 224 or
may simply be depressions formed in first surface 230. Ref-
erence points 252 are configured to be probed by a CMM
probe to determine whether the bucket tip shroud 94 has
moved or twisted during operation in a turbomachine.
Depressions may be contacted by a CMM probe while open-
ings may allow a CMM probed to pass through frame 224 and
contact bucket tip shroud 94. The particular form of reference
points 252 may vary.

While the invention has been described in detail in connec-
tion with only a limited number of embodiments, it should be
readily understood that the invention is not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, it is to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention is not
to be seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

What is claimed is:

1. A bucket tip shroud measurement fixture comprising:

a frame extending from a first end to a second end through
an intermediate portion having a first surface and an
opposing second surface;

afirst tip shroud fixing member extending from the second
surface of the frame at the first end;

a second tip shroud fixing member extending from the
second surface of the frame at the second end, the first
and second tip shroud fixing members being configured
and disposed to retain and establish an orientation of a
bucket tip shroud relative the frame; and

a plurality of reference points provided on the frame, the
plurality of reference points being configured and dis-
posed to receive a coordinate measuring machine
(CMM) probe.

2. The bucket tip shroud measurement fixture according to
claim 1, wherein the first tip shroud fixing member and the
second tip shroud fixing member is moveably mounted rela-
tive to the frame.

3. The bucket tip shroud measurement fixture according to
claim 2, further comprising: a biasing element operatively
connected to at least one of the first and second tip shroud
fixing members, the biasing element urging the at least one of
the first and second tip shroud fixing members toward the
other of the first and second tip shroud fixing members.

4. The bucket tip shroud measurement fixture according to
claim 3, wherein the biasing element comprises a coil spring.

5. The bucket tip shroud measurement fixture according to
claim 3, wherein the biasing element comprises a spring clip.

6. The bucket tip shroud measurement fixture according to
claim 2, wherein the first tip shroud fixing member is
mechanically linked to the second tip shroud fixing member.

7. The bucket tip shroud measurement fixture according to
claim 2, wherein each of the first tip shroud fixing member
and the second tip shroud fixing member is selectively shift-
able between the first and second ends of the frame.

8. The bucket tip shroud measurement fixture according to
claim 1, wherein each of the plurality of reference points
comprises a reference depression formed in the first surface of
the frame.

9. The bucket tip shroud measurement fixture according to
claim 8, further comprising: a plurality of reference elements
arranged in a respective reference opening, each of the plu-
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rality of reference elements extending through the frame and
contacting a portion of the bucket tip shroud.

10. The bucket tip shroud measurement fixture according
to claim 9, wherein each of the plurality of reference elements
includes a biasing element.

11. The bucket tip shroud measurement fixture according
to claim 9, wherein each of the plurality of reference elements
includes a probe receiving pocket.

12. The bucket tip shroud measurement fixture according
to claim 1, wherein each of the first and second tip shroud
fixing members includes a Z-notch locating element.

13. The bucket tip shroud measurement fixture according
to claim 1, wherein each of the first and second tip shroud
fixing members includes a clamp member having a biasing
element that urges the clamp member toward the second
surface of the frame.

14. The bucket tip shroud measurement fixture according
to claim 1, wherein each of the plurality of reference points
comprises a reference opening that extends through the
frame.

15. A method of measuring a bucket tip shroud of a turbo-
machine bucket, the method comprising:

securing a rotor end of the turbomachine bucket in a hold-

ing fixture;

positioning a bucket tip shroud measurement fixture

including a frame supporting first and second tip shroud
fixing members at a shroud on an opposing end of the
turbomachine bucket;

engaging the first and second tip shroud fixing members to

the shroud;

determining a position of one or more of a plurality of

reference points provided on the frame with a measure-
ment probe; and

calculating through a computer measurement system a

position of the shroud relative to the rotor end of the
turbomachine bucket.

16. The method of claim 15, further comprising: position-
ing a reference element through one or more of the plurality of
reference points.

17. The method of claim 16, wherein determining the posi-
tion of the one or more plurality of reference points includes
contacting the reference element with the measurement
probe.

18. The method of claim 15, wherein engaging the first and
second tip shroud fixing members to the bucket tip shroud
includes biasing one of the first and second tip shroud fixing
members toward the other of the first and second tip shroud
fixing members.

19. The method of claim 15, wherein engaging the first and
second tip shroud fixing members to the bucket tip shroud
includes biasing each of the first and second tip shroud fixing
members toward the bucket tip shroud, the first tip shroud
fixing member being mechanically linked to the second tip
shroud fixing member.

20. The method of claim 15, wherein engaging the first and
second tip shroud fixing members to the bucket tip shroud
includes positioning a first Z-notch locating element on the
first tip shroud fixing member in a first Z-notch of the shroud
and a second Z-notch locating element on the second tip
shroud fixing member in a second Z-notch of the shroud.

21. The method of claim 15, wherein engaging the first and
second tip shroud fixing members to the bucket tip shroud
includes clamping shroud between the first and second tip
shroud fixing members and the frame.
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22. The method of claim 15, wherein determining the posi-
tion of the one or more plurality of reference points includes
contacting a reference depression with a coordinate measur-
ing machine (CMM) probe.

23. The method of claim 15, wherein determining the posi- 5
tion of the plurality of reference points includes passing a
coordinate measuring machine (CMM) probe through an
opening formed in the frame, the measurement probe con-
tacting the bucket tip shroud.
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